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ABSTRACT
Aims/Introduction: To clarify the association of the hypertriglyceridemic waist pheno-
type and type 2 diabetes mellitus among adults in China.
Materials and Methods: In the present case–control study, we included 1,685 patients
with type 2 diabetes mellitus and 7,141 normal glucose-tolerant controls from the Henan
Province of China in 2011. Elevated waist circumference (GW) was defined as ≥90 cm for
men and ≥80 cm for women. Hypertriglyceridemia (HT) was defined as >1.7 m mol/L
triglycerides (TG) level. The association of hypertriglyceridemic waist phenotype and type 2
diabetes mellitus was investigated by sex, body mass index, physical activity, and family
history of diabetes.
Results: Cases and controls differed in age, waist circumference (WC), weight, TG level,
fasting glucose, body mass index, smoking status, diabetic family history, physical activity
and hypertriglyceridemic waist phenotype (P < 0.05), but not alcohol drinking (P = 0.63).
In the overall sample, as compared with the phenotype of normal TG level and normal
WC (NTNW), normal TG level/enlarged WC (NTGW), elevated TG level/normal WC (HTNW)
and elevated TG level/enlarged WC (HTGW) were associated with type 2 diabetes mellitus
(odds ratio 4.14, 2.42 and 6.23, respectively). Only HTGW was consistently associated with
risk of type 2 diabetes mellitus, with or without adjustment. The strongest relationship
between HTGW and type 2 diabetes mellitus was for subjects with body mass index
<24.0 kg/m2 (odds ratio 6.54, 95% confidence interval 4.22–10.14) after adjustment for
cofounding variables.
Conclusion: HTGW was stably and significantly associated with risk of type 2 diabetes
mellitus in adult Chinese.

INTRODUCTION
The International Diabetes Federation estimated that 371
million adults are living with diabetes mellitus (DM) world-
wide1; diabetes mellitus is becoming one of the main chronic
non-communicable diseases threatening the health of people
around the world2. Half of all diabetes mellitus cases worldwide

are undiagnosed1, which highlights the need for early diagnosis
and management to prevent or delay complications.
Elevated triglycerides (TG) level/enlarged waist circumference

(WC; HTGW) was first found to be a marker of atherosclerosis
in 20003. Subsequent studies showed that HTGW was a risk fac-
tor for metabolic diseases, such as type 2 diabetes mellitus4–9.
A recent meta-analysis found the risk of type 2 diabetes mellitus
increased with HTGW (odds ratio 4.18, 95% confidence interval
[CI] 3.55–4.92)10. Because determining HTGW is relatively easyReceived 29 September 2015; revised 3 January 2016; accepted 27 January 2016
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and inexpensive, some researchers have suggested it as a screen-
ing and diagnostic predictor of type 2 diabetes mellitus11,12.
Despite many studies in this area13–17, previous studies did not
stratify by subject characteristics.
In the present study, we aimed to clarify the association of

the hypertriglyceridemic waist phenotype and type 2 diabetes
mellitus among adults in China. To further clarify the associa-
tion, data for subjects were analyzed by sex, body mass index
(BMI), physical activity and family history of diabetes as strati-
fication variables.

MATERIALS AND METHODS
Study design and sample
We recruited 9,619 participants (1,842 type 2 diabetes mellitus
cases and 7,777 healthy controls from the Henan Province of
China in 2011). After excluding participants with concurrent
use of lipid-modified agents (157 cases, 636 controls), we
included 8,826 participants (1,685 cases, 7,141 controls). All
participants were aged 20–85 years, and were recruited from
community and outpatient clinics of several hospitals located in
Henan Province, China. A standard questionnaire assessing
demographic characteristics; lifestyle, such as smoking, alcohol
drinking and work-related physical activity; and family history
of diseases and other risk factors, was administered by trained
research staff. After the interview, participants completed a
physical examination that included evaluation of anthropomet-
ric indexes, blood pressure and collection of biological speci-
mens for assessment. We included patients with a diagnosis of
type 2 diabetes mellitus according to the 2005 American Dia-
betes Association criteria18: fasting plasma glucose ≥7.0 m mol/L
and/or 2-h plasma glucose ≥11.0 m mol/L during an oral glu-
cose tolerance test with diabetes clinical symptoms and/or the
use of insulin or oral hypoglycemic agents and/or a self-
reported history of diabetes. We excluded patients with type 1
diabetes and other abnormal glucose tolerance. A total of 1,685
cases were recruited from the outpatient clinics of three hospi-
tals (928 cases) or from communities (757 cases) in Henan
Province, and 7,141 controls with fasting plasma glucose
<6.1 m mol/L or normal oral glucose tolerance test results and
no previously diagnosed diabetes were recruited from commu-
nities in the same province. We excluded subjects who were
pregnant, disabled, mentally disturbed and obese (caused by
disease) or taking certain drugs, and had cancer. The present
study was approved by the Ethics Committee of Zhengzhou
University. All participants provided written informed consent.

Study variables
Smokers had smoked ≥100 cigarettes during their lifetime and/
or were still smoking19, 20. Alcohol drinkers were defined as
consuming 100 mL liquor in 30 days. Physical activity level
was classified as low, moderate or high based on the Interna-
tional Physical Activity Questionnaire (www.ipaq.ki.se). BMI
was classified as normal weight (<24 kg/m2), overweight (24.0–
27.9 kg/m2) and obese (≥28 kg/m2)21. One or both parents

having diabetes was considered having a family history of
diabetes.

Definition of HTGW
According to the new International Diabetes Federation defini-
tion for Chinese people22, participants were classified into four
groups: (i) NTNW, normal TG level (≤150 mg/dL [1.7 mmol/
L])/normal WC (<90 cm for men and <80 cm for women);
(ii) NTGW, normal TG level/enlarged WC (≥90 cm for men
and ≥80 cm for women); (iii) HTNW, elevated TG level
(>150 mg/dL [1.7 mmol/L])/normal WC; and (iv) HTGW, ele-
vated TG level/enlarged WC.

Statistical analysis
Categorical data are represented as number (percentage), and
were analyzed by the v2-test. Continuous data are represented
as median (interquartile range) for data with skewed distribu-
tion. The Mann–Whitney–Wilcoxon test was used to assess dif-
ferences in sex, age, smoking, alcohol drinking, BMI, physical
activity, family history of diabetes, and hypertriglyceridemic
waist phenotype by cases and controls. The v2-test was used to
determine the association between independent variables and
type 3 diabetes mellitus. Logistic regression models were used
to calculate odds ratios (ORs), 95% confidence intervals (95%
CIs) and corresponding P-values for risk factors associated with
type 2 diabetes mellitus. We checked the interaction between
and among different risk factors, and then used multiple logis-
tic modeling to adjust for confounders. Sex, age, smoking, alco-
hol drinking, BMI, physical activity, and family history of
diabetes were covariates and/or stratifying variables. All these
covariates we chose in the multiple logistic modeling are associ-
ated with type 2 diabetes mellitus. Missing data are included in
statistical descriptions and were excluded for stratifying vari-
ables used in logistic regression analysis. Statistical analysis
involved use of SAS 9.10 for Windows (SAS Institute, Cary,
NC, USA). P < 0.05 (two-sided) was considered statistically sig-
nificant.

RESULTS
Participant characteristics
We recruited 8,826 participants (1,685 cases, 7,141 controls).
The demographic characteristics are in Table 1. The frequency
of overweight or obesity and family history of diabetes, as well
as median age, WC and TG level were higher for cases than
controls. Cases more often than controls had low rather than
moderate or high physical activity (P < 0.01), and more fre-
quently were HTGW and smokers (P < 0.05). The alcohol
drinking status did not differ between the groups (P = 0.63).

Association of different metabolic types and type 2 diabetes
mellitus
Risk of type 2 diabetes mellitus was higher for participants with
NTGW, HTNW and HTGW as compared with NTNW partic-
ipants (OR 4.14, 95% CI 3.55–4.84; OR 2.42, 95% CI 1.99–2.94;
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OR 6.23, 95% CI 5.33–7.27, respectively; model 1, Figure 1;
Table S1). After adjusting for sex, age, smoking, original BMI,
physical activity level and family history of diabetes (model 2,
Figure 1; Table S1), the ORs were 2.62 (95% CI 2.09–3.28),
1.90 (95% CI 1.52–2.37) and 3.49 (95% CI 2.80–4.36), respec-
tively (model 2, Figure 1; Table S1).
Interaction analysis shows significant interactive effects

between participant characteristics and the HTGW phenotype
(Table S2). Stratification analysis showed that with and without
adjustment (Figure 1), NTGW was not associated with type 2
diabetes mellitus for participants with BMI 24.0–28.0 kg/m2.
After adjusting for sex, age, smoking, BMI, family history of
diabetes and physical activity (model 2, Figure 1), HTNW was
not associated with type 2 diabetes mellitus for participants
with moderate physical activity or BMI ≥24.0 kg/m2.
With and without adjustment and stratification, HTGW was

consistently associated with type 2 diabetes mellitus, with
the strongest association between HTGW and type 2 dia-
betes mellitus for participants with BMI <24.0 kg/m2 (OR
6.54, 95% CI 4.22–10.14) after adjustment (model 2, Figure 1;
Table S1).

DISCUSSION
In Chinese in Henan Province: (i) age, WC, weight, BMI and
TG level were significantly higher in cases than controls; (ii)
HTGW was a stable risk factor for type 2 diabetes mellitus,
regardless of participant characteristics; and (iii) HTGW was
closely associated with type 2 diabetes mellitus for women and
participants with BMI <24 kg/m2.
Lacking physical activity and an overly sedentary lifestyle are

the 21st century’s important public health problems23, being
common risk factors of chronic non-communicable diseases,

Table 1 | Demographic characteristics of cases and controls

Characteristics Cases (n = 1,685) Controls (n = 7,141) P-value

Sex, n (%) <0.01
Male 846 (50.21%) 3,026 (42.38%)
Female 839 (49.79%) 4,115 (57.62%)

Median age, years (IQR) 54.0 (45.0, 61.0) 48.0 (39, 57.0) <0.01
Median WC, cm (IQR) 91.0 (83.5, 102.1) 81.0 (74.6, 88.0) <0.01
Median weight, kg (IQR) 74.1 (64.0, 84.3) 60.0 (54.0, 67.0) <0.01
Median triglycerides level, mmol/L (IQR) 1.7 (1.2, 2.5) 1.3 (0.93, 1.9) <0.01
Median fasting glucose, mmol/L (IQR) 7.6 (6.1, 10.0) 5.2 (4.9, 5.5) <0.01
Median BMI, kg/m2 (IQR) 27.6 (24.6, 31.0) 23.7 (21.6, 26.0) <0.01
BMI categories (kg/m2), n (%) <0.01
<24.0 335 (19.88%) 3,825 (53.56%)
24.0–27.9 583 (34.60%) 2,483 (34.77%)
≥28.0 767 (45.52%) 833 (11.67%)

Smoking status, n (%)* 0.035
Non-smoker 1,298 (77.03%) 5,465 (76.53%)
Smoker 346 (20.53%) 1,676 (23.47%)

Alcohol drinking status, n (%)* 0.631
Non-drinker 1,419 (84.21%) 6,203 (86.86%)
Drinker 223 (13.23%) 938 (13.14%)

Physical activity, n (%)* <0.01
Low 1,018 (60.42%) 1,765 (24.72%)
Moderate 189 (11.22%) 1,389 (19.45%)
High 440 (26.11%) 3,987 (55.83%)

Family history of diabetes, n (%)* <0.01
Yes 343 (20.36%) 378 (5.29%)
No 1,300 (77.15%) 6,763 (94.71%)

Waist/triglyceride combination, n (%) <0.01
NTNW 279 (16.56%) 3,316 (46.44%)
NTGW 564 (33.47%) 1,618 (22.66%)
HTNW 200 (11.87%) 982 (13.75%)
HTGW 642 (38.10%) 1,225 (17.15%)

*Data for some participants were missing. BMI, body mass index; HTGW, elevated triglyceride level/enlarged waist circumference; HTNW, elevated
triglyceride level (>150 mg/dL [1.7 m mol/L])/normal waist circumference; IQR, interquartile range; NTGW, normal triglyceride level and enlarged
WC (≥90 cm for men and ≥80 cm for women); NTNW, normal triglyceride level (≤150 mg/dL [1.7 mmol/L])/normal waist circumference (<90 cm
for men and <80 cm for women); WC, waist circumference.
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such as cardiovascular and metabolic disease24. Our stratified
analyses by different levels of physical activity showed that
moderate and high physical activity were protective factors of
type 2 diabetes mellitus (cases vs controls, 11.2% vs 19.5% and
26.1% vs 55.8%, respectively, P < 0.05). Previous studies
showed that the health effects of physical activity have a dose–
effect relationship25,26: once the activity reaches a certain level,
visceral fat is reduced and fat consumption at rest is
increased27,28, which interferes with the development of meta-
bolic disease.
In the present study, the association between HTGW and

type 2 diabetes mellitus remained significant after controlling
for sociodemographic characteristics, behavioral risk factors,
physical activity and family history of type 2 diabetes mellitus,
and was even stronger than with traditional risk factors, such
as BMI, WC, waist/hip ratio29 and metabolic syndrome30.
As compared with participants with the NTNW phenotype,

women with the HTGW phenotype were at increased risk of
type 2 diabetes mellitus regardless of adjustment for other char-
acteristics. Okosun and Boltri31 suggested a sex difference in
the association of the HTGW phenotype and type 2 diabetes
mellitus. After stratified analysis, the same results were found
in different subgroups of BMI. The ORs for type 2 diabetes
mellitus with BMI <24.0, 24.0–27.9, and ≥28.0 kg/m2 were 6.5,
2.4 and 4.3, respectively. Thus, the predictive effect of HTGW
for type 2 diabetes mellitus might be better for subjects with

BMI <24.0 kg/m2 than other BMI levels. Daniel et al.4 and Du
et al.32 also supported this finding. Although the mechanisms
for this association are not clear, previous findings suggested
that a partial explanation for the mechanism might be the dif-
ference in body fat distribution: Asians are more likely to
develop visceral than peripheral adiposity, which is metaboli-
cally obese, but normal weight, and more closely associated
with type 2 diabetes mellitus than overall adiposity33. More
importantly, as compared with HTNW or NTGW, HTGW
was a stable risk factor for type 2 diabetes mellitus, and the
association of HTGW and type 2 diabetes mellitus was signifi-
cant after all stratified analyses.
Although this was a relatively large sample case–control

study for evaluating risk factors of type 2 diabetes mellitus, our
study contained several limitations. The first is the possible
heterogeneity among participants recruited from different stud-
ies. Second, with this case–control study, recall and prevalence–
incidence biases might affect the association of HTGW and
type 2 diabetes mellitus. Third, dietary intake information was
not investigated, and its potential effect on type 2 diabetes mel-
litus could not be evaluated.
In conclusion, the present study suggested a stable and sig-

nificant association between HTGW and type 2 diabetes melli-
tus. It also highlights the need for effective measures for
prevention and control of HTGW, which might help lower the
risk of diabetes.

Characteristics NTGW HTNW HTGW

model 1
Males

model 2

model 1
Females

BMI<24.0

24.0≤BMI<28.0

BMI≥28.0

Low physical activity

Moderate physical activity

High physical activity

Diabetic family history

No diabetic family history

Overall

model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

model 1
model 2

1 13.6 1 3.9 1 14

Figure 1 | Multivariate logistics analysis of the association of waist circumference and triglyceride risk combinations and type 2 diabetes mellitus in
Chinese participants compared with participants with normal waist and normal triglycerides level (odds ratio 1.0). BMI, body mass index; HTGW,
elevated triglycerides level/enlarged waist circumference; HTNW, elevated triglycerides level (>150 mg/dL [1.7 m mol/L])/normal waist
circumference; model 1, unadjusted; model 2, adjusted for sex, age, smoking, alcohol drinking, body mass index, physical activity and family history
of diabetes except for the stratifying variables; NTGW, normal triglycerides level and enlarged waist circumference (≥90 cm for men and ≥80 cm
for women).
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Table S1| Multivariate analysis of association of waist circumference and triglyceride risk combinations and type 2 diabetes by
stratified analyses.
Table S2| Interaction of participant characteristics, and WC and TG level combinations associated with risk of type 2 diabetes
(odds ratio, 95% confidence interval).
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